(2) Why were several hundred compounds tried before a suitable one was found, otherwise than for the reason that Ehrlich had no sound basis upon which to work?
(3) Why does salvarsan not cure syphiIis when its spirillocidal action is so strong ?
(4) Why should arsenic exhibit a chemical affinity for parasitic cells -and, it is to be remarked, for only certain parasitic cells-and not for the cells of the host ? In other words, why is salvarsan parasitotropic and not organotropic, and why only parasitotropic for certain parasites ?
My answers to the first two questions are contained therein. My answer to the third question ig that syphilis is not cured by salvarsan because the SpirochTta pallida is not the cause of the disease. My answer to the fourth question is that salvarsan is more organotropic than parasitotropic, and that it is only parasitotropic for certain parasites owing to the chemical constitution of those parasites.
Although chemotherapy is to be the main theme of my paper, I should like to say that it is only one of the links in my chain of research upon syphilis. The first link of that chain was the discovery of the Leucocytozoon syphilidis in 1912. The next link was formed by a chemical study of this organism, about which a few words must be said, as the points revealed in this study laid the foundation upon which the rest of nmy work was built. I found that the phases o. the Leucocytozoon syphilidis consisted mainly of lipoid-globulin molecules, which proved themselves to be more resistant to reagents than the lipoid-globulin molecules of the host's cells viz., the protoplasm of the plasma cells and of the nucleoli. Further, that their reducing action was also greater, especially in the case of the spirochaetal phase, owing to its containing in its molecules a fatty acid not completely saturated.
The parasitic lipoid-globulin molecules were found to be combated by certain lipoid-globulin molecules of.the host, which are formed by the lymphocytes. Some of the host's lipoid-globulin molecules are destined, in the form of plasma cells, to attack those of the parasites locally, while others circulate in the serum, in which they form the internal phase, as the resisting substance or the antibody.
The action of the lipoid-globulin molecules which circulate in the serum is general, but in other respects it is the same as that exhibited by the plasma cells. The host's lipoid-globulin molecules ha {e a stereochemical molecular configuration, homologous to those of the parasite. This fact explains specificity. The lipoid-globulin molecules which circulate in the serum are colloidal particles, which are kept in "solution" by the water their molecules contain and by the ions which are attached to them. In this form they are known as emulsoids. The fluid medium in which the emulsoid particles circulate is known as the external phase, and consists mainly of water or, let us say, of hydrogen and hydroxyl ions, which constitute the substance we call water (H90 H + OH'). In order to keep the particles of the internal phase in "solution " it is necessary for the external phase to maintain a balance between the hydrogen and hydroxyl ion concentration. This balance is known as the normal hydrogen ion concentration. There are normally more hydroxyl ions than hydrogen ions in the external phase, hence the reason why serum is always on the alkaline side of neutrality.
This normal hydrogen ion concentration is maintained, on the one hand, by the free ions of the external phase, and by the adsorbed ions of the internal phase. The former constitute the so-called end-piece of complement and the latter the so-called middle-piece of complement, which is better designated as the oxidase-reducase system. The parasites are killed by the lipoid-globulin molecules of the host by a chemico-physical process which is known as adsorption.
Adsorption is regulated by three factors:-
(1) The stereo-chemical mnolecular configuration of the adsorbed molecules. For the adsorption to be perfect, the molecules must have an homologous stereo-chemical molecular configuration, and this is mainly regulated by the amino groups (NH2).
(2) The permeability of the adsorbed molecules. The more permeable the molecules the easier the adsorption. Permeability is mainly regulated by the carboxyl groups (COOH).
(3) The amount of active oxygen. Adsorption is an action in which energy is used, and similar to all such actions it requires active oxygen. Active oxygen is formed directly by ferments which are known as peroxidases. Peroxidases are hydroxides of metals, and they form active oxygen provided a peroxide is present. The peroxide is formed directly by ferments, which are known as perhydridases. Perhydridases are non-metals, and they form peroxide by their action upon hydrogen and hydroxyl ions.
A peroxidase is an oxidizing agent and a perhydridase is a reducing agent-hence the meaning of the term oxidase-reducase system.
The phenomena which follow the adsorption betweenthe parasitic lipoid-globulin molecules, on the one hand, and the lipoid globulin molecules of the host, on the other hand, in corpore are not the same as those which occur in a test-tube when an antigen meets its antibody. In a test-tube, either the antigen or the antibody is less emulsoid than when in the body; consequently when to such particles perfect emulsoid particles are added, in the shape of complement, the perfect emulsoid particles attempt to bring the imperfect emulsoid particles into their perfect emulsoid state. As this action deprives the lipoid-globulin molecules, which constitute the complement, of some of their ions, which they are not able to replace as they are when in vivo, all the colloidal particles concerned change their colloidal state. The previously emulsoid particles now become suspensoid particles. Suspensoids are not kept in " solution " like emulsoids, so the particles become precipitated. Such a change causes considerable alteration in the surface tension, a change which can be readily seen if red blood corpuscles form either the antigen or the antibody. Haemolysis is the change observed.
It is now evident why agglutination, precipitation, complementfixation, &c., are the pictures given by the immunity reactions in vitro.
If the tests just mentioned are specific, it is necessary for the molecules of the antigen to possess a stereo-chemical molecular configuration homologous to those of the antibody.
Since the antigen in the Wassermann reaction does not possess particles having a stereo-chemical molecular configuration, homolegous to those of the reagin, how is it that fixation of complement occcrs when such particles meet?
The antigen particles in the Wassermann reaction are adsorbed by the syphilitic lipoid-globulin molecules solely in virtue of the increased size, number and adsorptive capacity of such molecules. ComplemenD is destvoyed in the attempt by the syphilitic emulsoid particles to bring the adsorbed antigen particles into " solution." If the host's lipoidglobulin molecules are not sufficiently powerful to kill all the parasites early in the disease, when their oxidizing action is greatest, they will naturally attempt to increase their adsorptive capacity and their supply of active oxygen. The particles can only do this by increasing their permeability and reducing action, and this they do by increasing their carboxyl groups. This is the reason why the Wassermann reaction is more positive in late than in early cases of syphilis. There are so many other factors which I have not time to mention here influencing the Wassermann reaction that it is certain that a positive reaction is no certain indica6ion of active syphilis or that the patient requires' treatment. The Wassermann reaction does not give us an indication of the colloidal state of the lipoid-globulin molecules or a measure of their number, the knowledge of which is necessary both for diagnostic purposes and for regulating treatment. This difficulty has fortunately been overcome by the discovery of the emulsoid-suspensoid reaction -or the E.-S. test, as I have called it for short. The outstanding feature of my research work, as I have described it up to this point, is that the lipoid-globulin molecules of protozoal diseases, especially syphilis, are larger, more numerous and have a greater adsorptive capacity than normal lipoid-globulin molecules, or the lipoid-globulin molecules of bacterial diseases.
NATURAL AND ARTIFICIAL PROTECTION.
When a man runs the risk of becoming infected with syphilis, there must always be, first of all, a struggle between the cells of that man and the spores of the leucocytozoon. If the former win, then, of course, there is no infection. Assuming that the latter win, the spores, having gained a firm foothold, will develop at their host's expense and produce a lesion which we call a chancre. A further development of these spores will lead to a generalization of them in the body of the host, with a result that lesions will occur all over the body. Instead of the development going further still, the tide turns in favour of the host, and the number of the parasites gradually becomes lessened, with the result that the lesions disappear. The turning of the tide is due to the fact that the host's lymphocytes have been able to manufacture lipoidglobulin particles, the molecular configuration of which is homologous to that of the lipoid-globulin molecules of the parasite.
Two questions now arise: (1) What is the nature of the primary struggle ? (2) What is the modus operandi of the turning of the tide ?
There are only two factors which come into play in the adsorption between the antigen and the antibody in vivo: (1) hydrogen ion concentration (oxidase-reducase system); (2) specific amino groups.
In the primary struggle the second factor cannot possibly play a part, since it takes some time for the amino groups in the lipoidglobulin mlolecules to be arranged in a specific manner. Moreover, the primary struggle is a local affair, a struggle between spore and cell, while the turning of the tide is a general affair-a struggle between the lipoid-globulin particles of the serum generally, of the plasma cells locally, and those of the parasites.
When a syphilitic spore enters the human body it must, in order to develop, enter a connective tissue cell or an endothelial cell. To enter a 109 110 McDonagh: The Rationale and Practice of Chemotherapy cell it must alter the surface tension of that part of the cell where it is going to enter, and this will mean a local disturbance of the normal hydrogen ion concentration. It is certain that most cells require and use oxygen, and that most cells in 'exchange for oxygen exhale carbon dioxide. Should a spore be able to take some of the oxygen required by the cell it tries to enter, the normal ratio between the oxygen and the carbon dioxide of that cell will cease to exist, with the result that the normal hydrogen ion concentration, or the oxidase-reducase system, will be locally and temporarily deranged, so that the spore wins, and the local surface tension of the cell will be such that the spore is easily able to enter it.
How this temporary derangemnent of the oxidase-reducase system can be directly prevented is not at present clear,' but from the analogy with experiments I have undertaken in another direction (anaphylaxis), the derangement can be indirectly prevented by increasing the stability of the permeability, and this can be done by intravenous injections of calcium chloride.
In this connexion it is interesting to note how the risk of contracting a venereal disease increases if the patient is under the influence of alcohol, owing to the fact that alcohol has exactly the opposite effect to the salt just mentioned. It is highly probable, but not so practicable, that if a patient had an injection of calcium chloride, or if he took large quantities of sodium chloride, before having connexion, that his chances of contracting a venereal disease would be considerably diminished.
The modus operandi of the turning of the tide is probably as follows: Both the lipoid-globulin particles of the syphilitic phases and of the serum have an oxidase-reducase system. In the case of the former, the active oxygen is used by the nucleus for propagation purposes. In the case of the latter, there being no nucleus, the active oxygen is used for that purpose for which the particles exist-namely, for the purpose of adsorption. Since the amino groups have the same arrangement in the two kinds of lipoid-globulin particles, the necessaries for the physical action of adsorption will be at their best. As the active oxygen in the host's lipoid-globulin molecules will be only required for this physical action, it will follow that the host's lipoid-globulin molecules will have an advantage over those of the parasite, with the result that the changes which the spore 'caused the cell it was attacking to undergo in the primary struggle will now affect the parasites themselves.
If these views are correct, we should be able to forestall the turning of the tide and to hasten it, by increasing the amount of active oxygen in the lipoid-globulin particles in the serum of the host. This can be done-(1) directly, by the administration of strongly adsorbed metallic compounds, which act as peroxidases and produce active oxygen;
(2) indirectly, by the administration of a strongly adsorbed non-metallic compound, which acts as a disulphide and produces peroxide and active hydrogen.
This now brings me to discuss the rationale of chemotherapy in syphilis.
RATIONALE OF CHEMOTHERAPY.
It will be remembered that, in the "side-chain " theory, Ehrlich considered the union between the antibody and the antigen was due to chemical affinities which each of these bodies possesses for each other. Then Ehrlich conceived the idea that this principle could be applied to treatment, and the application of this later received the name of " chemotherapy." The principle was shortly this: To find drugs, the chemical groups of which would combine with the chemical groups of the parasites to be attacked, without combining with the chemical group of the host's cells. The chemical groups both of the drugs and of the cells received the name of " chemoceptors." The disease which Ehrlich hoped to combat was sleeping sickness, and since arsenic was the body which-appeared to have the greatest influence upon the disease, experiments with this metal were undertaken.
For some timne after the comnmencement of his experiments, Ehrlich appears to have been of opinion that the sole receptors between the chemical groups in the protoplasm of the parasites and in the drugs used were the arsenic receptors. How Ehrlich could ever think that arsenic would find its chemical affinity in the protoplasm of cells and, it is to be remarked, of only certain cells, is difficult to understand; and it is surprising that most of us should still consider that this element is of paramount importance in the synthetic antisyphilitic remedies. That other receptors existed as well was shown only when it was noted that the action of arseno-phenyl-glycine was not affected by previously subjecting the parasites to the action of the arsenic derivative of phenyloxy-acetic acid. Then it was assumed that acetic acid receptors also existed. Since fatty acid receptors were said to exist in the protoplasm of the parasites, it was only logical to suppose that amino-acid receptors would also be found there. Working upon this hypothesis, Ehrlich discovered salvarsan.
According to Ehrlich, salvarsan works by means of its arsenic ill receptors and its ortho-amino-phenol receptors. When it was discovered later that a certain drug had a fatal action on one kind of parasite and not upon another kind, although in both instances a "combination" occurred between the drug and the bodies of the parasites, some further explanation of the action of salvarsan was required. Consequently, salvarsan was stated to act in the following way: The arsenic was considered to be the toxophore group, the benzene-ring to be the carrier, and the amino groups the haptophore groups.
Summing up Ehrlich's views as to the mode of action of salvarsan, we find that a union takes place between the drug and certain parasites, with a destructive action upon the parasites. What the nature of the union is, and why the death of only certain parasites should follow, are not explained.
Before discussing the mode of action of the anti-syphilitic drugs, I will briefly recapitulate what I have already said concerning the way in which the body naturally protects itself against syphilis. The protective power of the body can be divided into two groups: (1) the power which acts generally-i.e., the lipoid-globulin molecules of the serum; (2) the power which acts locally-i.e., the plasma cells. The plasma cell is typical of chronic inflammation, whatever be the cause. In all instances, the plasma cell is the same morphologically, but, although its gross action is similar in every instance, it is nevertheless specific in each case. To be more exact, one should call the specificity a group specificity, not an individual specificity, since the plasma cells behave in trypanosomiasis in the same manner as in syphilis, and also in some other diseases. This specificity exhibited by the plasma cells is the same as that exhibited by the lipoid-globulin molecules of the serum, and, so far as it concerns chemotberapy, it is solely due to certain physical properties which these two protective powers possess in protozoal diseases.
The lipoid-globulin molecules in the serum of protozoal diseases, especially in syphilis, are characterized by their large size and their increased adsorptive capacity. As the disease becomes more and more chronic, the size of the molecules and their adsorptive capacity increase. As has already been explained, a parasite is vanquished in vivo by a change which takes place on its surface. This change causes a local alteration of the surface tension, which so disturbs the normal permeability that the organism perishes. This change is brought about by adsorption. Like most physical and chemico-physical reactions, the phenomenon of adsorption is dependent upon active oxygen. Therefore some ratio exists between the destructive power of a molecule and its supply of active oxygen. In the early stages of the disease it is naturally to be expected that the supply of active oxygen will be as great as the body can manage without extra assistance. If the supply of active oxygen is not sufficient to rid the host of-its parasites, the disease becomes chronic, and, all the direct methods of producing active oxygen having failed, the host is obliged to obtain it indirectly. Active oxygen is obtained indirectly by increasing the reducing action, hence the reason why the lipoid-globulin molecules are larger, and have a greater adsorptive and reducing action in late than in early cases of syphilis.
There are three actions exhibited by the lipoid-globulin molecules in the serum: (1) adsorption; (2) oxidation; (3) reduction. In virtue of the size and of the increased adsorptive capacity of the anti-protozoal lipoid-globulin m-iolecules, it will follow that their powers of oxidation and reduction may be enhanced by oxidizing and reducing agents, and that a ratio must exist between the amount of active oxygen and active hydrogen produced and the degree of the adsorbed state in which are the oxidizing and reducing agents.
The active oxygen formed by the lipoid-globulin molecules can be seen in the two following equations:- Since we do not know the chemical formula of the protozoal lipoidglobulin particles, it is impossible to synthesize a compound homologous with them. Therefore the only way in which we can assist the host is to increase his supply of active oxygen, and this we do directly with arsenic, aluminium, and iron, possibly also with antimony and mercury, and indirectly with iodine and sulphur.
Treatment, then, assists the host's resistance by increasing his amount of active oxygen. Therefore, treatment'destroys the parasites indirectly, and not directly, as Ehrlich thought. The only phases killed directly, and these only by the metallic compounds, are the adult male phase and the female phase after impregnation. These phases are killed directly owing to the free hydroxyl groups their molecules contain. The free hydroxyl groups occur because some of the fatty acid groups are unsaturated, owing to the important function these two phases have to perform. It is owing to the presence of these free hydroxyl groups that. the Spirochata pallida and the female cell after impregnation and not the other phases stain with silver nitrate in Levaditi's method of staining. The silver being a positive ion readily fixes on to the negative hydroxyl ion, and as the arsenic in salvarsan, the aluminiuum in aluvine, and the iron in ferrivine, are trivalenat positive ions, it can be understood how readily they will adsorb free negatively charged hydroxyl ions.
The question might now very naturally be asked, If the action of salvarsan is an indirect one, why should arsenic be more active than mercury, since under ordinary circumstances the latter is a more powerful antisyphilitic remedy?
In my opinion, arsenic acts as a catalyst-i.e., it accelerates a reaction going on spontaneously, but more slowly without its assistance. Mercury possibly acts in the same way, but in virtue of its high atomic weight its action is more probably felt in the influence it exerts on mechanical adsorption. X-rays and radium probably act in malignant disease as mercury does in syphilis.
A ratio exists between the intensity of action of a catalyst and the degree of the colloid state of the catalyst. In salvarsan the arsenic is in a colloidal state, hence its action would necessarily be greater than that of anv mercurial compound which we are in the habit of using. The proof of what has been said can be found if we compare the action that different manganese' compounds exert on plant oxidases. Manganese formate, for instance, has nothing like such a powerful accelerating action upon plant oxidases as has manganese hydroxide. The latter is colloidal but the former is not.
In many other synthetic organic arsenical compounds, the arsenic is also in a colloidal state, but the action of the drug is very inferior to that of salvarsan. This fact therefore at once suggests that salvarsan, when injected, becomes fixed to the substance which the arsenic is going to accelerate, and proves that a ratio exists between the therapeutic action of a drug and the degree of its adsorbed state.
Since the " 606" molecule enters into adsorption with the lipoidglobulin molecules of a syphilitic serum and of the plasma cells in a case of syphilis, it will be seen that Ehrlich's statement that the drug is parasitotropic only and not organotropic cannot hold good. For a drug to be parasitotropic it must be organotropic; indeed, its organotropic properties are far more important than its parasitotropic properties.
Salvarsan and the other antisyphilitic remedies are not specific in the sense that a vaccine is specific, and the attachment of these compounds to the syphilis parasites, to the plasma cells, and to the lipoid-globulin molecules in a case of syphilis, is not due to an homologous stereochemical molecular configuration-bet-een the adsorbed molecules, since for one thing alone the synthetic compounds are optically inactive bodies.
In the case of syphilis and in all protozoal diseases the lipoidglobulin molecules are bigger and have a greater adserptive capacity than the lipoid-globulin molecules in the serum of bacterial diseases. I do not wish to infer that there is a hard and fast line between protozoal and bacterial diseases, since in chronic bacterial diseases the lipoid-globulin molecules of the serum approach in their action those in protozoal diseases, since the continued use of oxidizing and especially of reducing agents has a markedly remedial effect. I need refer only to the use of iodine and intramine in tuberculosis, chronic ulcus molle and chronic gonorrhoea.
The bigger the size of the nmolecule and the greater its adsorptive capacity, the more easily will a drug like salvarsan be adsorbed, and the more readily will the adsorbed compound break down. When the lipoid-globulin molecules first break down the area of their action is widened, hence the catalytic action of the arsenic will have its fullest play. If salvarsan became attached to small molecules, the adsorbed compound would not break down; at all events, not until much later than it does in the case of syphilis. Moreover, as much of the arsenic compound would not be adsorbed, this would mean that the arsenic would get little chance of acting as a catalyst. Therefore, salvarsan seems to act especially in protozoal diseases because of the physical state of the lipoid-globulin molecules of the serum, and it fails to act 115 116 McDonagh: The Rationale and Practice of Chemotherapy as a bactericidal agent because the lipoid-globulin molecules in the serum of bacterial diseases do not possess the requisite physical properties.
From the fact that Ehrlich noticed that it was only such organisms as the Spirochwta pallida, the spirillum of recurrent fever and the trypanosome which were killed by the action of salvarsan in vitro, two important deductions may be m-ade: (1) that the spirillum of recurrent fever and the trypanosome are killed because of the free hydroxyl groups their molecules contain; (2) that the trypanosome is not the sole cause of sleeping sickness.
To sum up the points which stand out, we can briefly say that strongly adsorbed metallic and non-metallic compounds become ,ttached to the lipoid-globulin molecules of the syphilitic parasite, the plasma cells, and the serum, by virtue of their amino groups and of the peculiar physical properties of the protozoal lipoid-globulin molecules. The metallic comnpounds attack those phases of the Leucocytozoon syphilidis in which reaction is most marked, especially the spirocheetal phase, in virtue of its free hydroxyl groups. Both metals and non-metals act as catalysts, that is to say, they accelerate the complementary or oxidasereducase action of the lipoid-globulin molecules of the serum and of the plasma cells by increasing directly and indirectly the supply of active oxygen, which is necessary for the action of adsorption-a chemicophysical action which destroys the parasites.
RESEARCH IN CHEMOTHERAPY.
If salvarsan be compared with atoxyl and arsacetin, it will be seen that in salvarsan the arsenic is trivalent, while in atoxyl and arsacetin it is pentavalent. Arsenic in a pentavalent state is less active in exerting its therapeutic influence on protozoa than when it is in a trivalent state. This is due to the fact that, in a molecule in which all the valencies are satisfied, the influence desired is less likely to act than when some of the valencies are unsatisfied. In this connexion, Hardy's rule is an important one to bear in mind-viz., that the precipitating power of an electrolyte depends upon the valency of the ion. From this it is clear that no compound of a univalent ion would be likely to have a therapeutic action at all akin to that of salvarsan. Therefore, so far as future research is concerned, the element employed must at least be a dior, better, a trivalent ion.
Apart from mere valency, two other important considerations present themselves: (1) The degree of adsorption of the compound,
(2) the atomic weight of the element.
It is a well-known fact that a strongly adsorbed organic anion, such as salicylic acid, is more powerful in precipitating aluminium hydroxide than a weakly adsorbed univalent inorganic ion. Hence, to obtain the best therapeutic action with a compound, we see that it must be organic, and the more strongly adsorbed it is the better, the reason being that a ratio exists between the strength of adsorption of the compound and the power it has in diminishing the mechanical surface energy. It is now clear why salvarsan should be so much more effective than arseno-phenyl-glycine, arsacetin, or atoxyl. It is also a well-known fact that, in the precipitation of a negative colloid by kations, those of the heavy metals and of organic bases are more active than would be expected from their valency, and that this is to be accounted for by the fact of their great mechanical adsorption. This shows us, then, not only why mercury should be useful in syphilis, but also why it should be toxic. Owing to the great mechanical adsorption exerted by the heavy metals, it is at once obvious that strongly adsorbed organic compounds of them would be too toxic for injection.
Studying the rationale of chemotherapy in this way, one may be saved from doing an amount of useless experimental work by excluding all univalent and divalent elements, as well as all those elements which have high atomic weights.
Seeing that arsenic, a trivalent element in the form of a di-oxy-diamino-benzene compound, may be toxic, the atomic weight being only 75, and that the corresponding compound of antimony, di-oxy-diamino-stibino-benzene is more toxic still, the difference in the atomic weight being (120 -75) 45, it is perfectly clear that, if we wish to find a non-toxic compound, we shall have to seek for elements which are trivalent with a smaller atomic weight.
Before mentioning the elements I tried there are one or two other points to be considered.
Di-oxy-di-amino-stibino-benzene is not only more toxic than its corresponding arsenic compound, but its therapeutic action is infinitely less. Comparing the two bodies we find that the arsenic in salvarsan is both metallic and non-metallic, while in the antimony compound just mentioned the antimony is entirely metallic. It therefore struck me that a less metallic element than arsenic might prove to be its therapeutic superior; in any case the probability was great that it would be considerably less toxic.
Salvarsan is a strong oxidizing body; indeed, its arsenic acts catalytically as a peroxidase, but at the same time it is a reducing agent, although its properties in this direction are probably not made use of in the body. This led me to think that a body similar to salvarsan, which had stronger reducing properties, would probably do just what salyarsan failed to do. I wanted, then, an element which had the following properties: (1) of more than one valency; (2) an atomic weight of less than 75;
(3) a non-metal; (4) a reducing agent.
Only two elements occurred to me which would fulfil these conditions, and they were phosphorus and sulphur. I discarded phosphorus, owing to the fact that it can produce very toxic symptoms, such as fatty degeneration of the liver, so I conducted experiments with sulphur and succeeded in making a compound which has in some respects a more powerful therapeutic action than that of salvarsan. I prepared several compounds, but soon found that one was much superior to the others, and this one was di-ortho-amino-thiobenzene, or " intramine," as it is called commercially.
Further research showed me that it was highly probable that other metallic compounds could be found which would prove to be as efficacious as and less toxic than salvarsan. Seeing that the metal must be trivalent and not of high atomic weight, I began to experiment with iron, manganese, and aluminium. In a short time I was able to prepare some compounds of iron and aluminium, which turned out to be nontoxic and to have in some cases a marked therapeutic actioni like salvarsan, if used in sufficient and repeated doses.
NON-METALLIC COMPOUNDS.
Sulphur.
I prepared two basic and two acid compounds. The first acid compound was the acetyl derivate of di-ortho-amino-thio-benzene, and the second acid compound was the condensation product of the base with mono-chloracetic acid. These two products may be quickly dismissed, as both were extremely painful when injected intramuscularly, and their therapeutic action was practically nil, which was to be expected, since the amino-groups have been interfered with. The two basic compounds prepared were di-para-amino-thio-benzene and di-ortho-amino-thiobenzene. As the therapeutic action of the first-mentioned drug was not as good as that of the second, it was discarded.
Intramine is absolutely non-toxic; consequently, any dose may be employed, and it may be repeated as often as is thought necessary. The usual dose I employ for an adult is 1 grm., this quantity being suspended in 9 c.c. of olive oil or liquid paraffin and injected intramuscularly.
Intramine does not oxidize on exposure to air, therefore the unused contents of a phial need not be thrown away, and a wide-mouthed bottle contaiuing several grammes imay be kept and used like mercurial cream. The pain caused by the injection, when 05 to 1-0 grm. or more is employed, usually renders the patient hors de combat for two or three days. Unfortunately, this cannot be entirely avoided. A few days later an erythema may appear over the injected area, which remains localized or spreads over the body, but in all cases it disappears in a day or two. The great point in favour of intramine is that, however severe be the local reaction, it rapidly becomes absorbed and never leaves any induration behind it, provided no quinine and urea hydrochloride are mixed with it. When compared with salvarsan, I soon found that in the primary and geheralization stages salvarsan was superior to intramine, but that in the recurrent stages the opposite was the case.
Further experiments showed me that, in the early stages of syphilis, previous administration of a metallic compound greatly increased the action of intramine, but that in the recurrent and late stages the intramine increased the action of the metallic compounds.
Before describing the metallic compounds I prepared, it will be as well to discuss the mode of action of intramine in further detail. Having already made some allusions to the modus operandi of intramine, to save recapitulation I will begin with its action in the oxidase-reducase system. The oxidase-reducase system can be expressed in short as the hydroxyl-hydrogen system of the internal phase. The metallic ion becomes attached to the hydroxyl group; norinally, the metal is iron; when salvarsan is injected it is arsenic, &c. This metallic hydroxide combines with hydrogen ions and hydroxyl ions in the form of hydrogen peroxide to form active oxygen, as shown by the following equation:-
The iron-protein which is formed as the result of the reaction soon becomes reconverted into iron hydroxide-protein, as in the following equation:
When intramine gets into the body, the compound presumably breaks down at the link between the two sulphur atoms. The sulphur then forms disulphide-protein, which reacts with the hydrogen and hydroxyl ions of the external phase to form sulphur-protein, mercaptanprotein, hydroxyl ions in the form of hydrogen peroxide, and active hydrogen, as indicated by this equation : R.S.S.R. + 2H + 40H = R.S. + R.SH + 2H202 + H* In this way two molecules of peroxide of hydrogen are formed, exactly the amount required for the metallic hydroxide to act upon in order to form active oxygen.
Metals, then, form active oxygen directly, and non-metals do so indirectly. The mercaptan-protein is able to combine with any free sulphur to form hydrogen sulphide and disulphide-protein, as in the following The mercaptan-protein is also able to combine with any free oxygen to form water and disulphide-protein, as in this equation 2R .SH + 0 = R.S.S.R. +H20.
Adding the knowledge just obtained to that gained by clinical observation, further light is thrown upon the affinity of mercaptanprotein for oxygen. If the mercaptan group becomes oxidized by the active oxygen present, there will be less active oxygen resulting from the oxidizing action of the netallic hydroxide; hence, if intramline be given first and salvarsan afterwards in early'syphilis, when the greatest quantity of active oxygen is present, one would expect that those phases of the Leucocytozoon syphitidis which are most easily killed by oxidation would be able to flourish, that the customary therapeutic action of salvarsan would not be witnessed, and that the symptoms might even be temporarily aggravated. This is exactly what happens clinically. The spirochaeta are not killed quickly by intramine, and, if salvarsan is given directly afterwards, it appears to have no imlmlediate influence on the symptoms.
If the mnetallic compounds are allowed their full play first, as the catalysts of the oxidase system, the introduction subsequently of a strong reducing agent, like intramine, in virtue of its action, sets free sufflient peroxide to be subsequently converted into active oxygen by the mnetallic compounds, thereby preventing the adverse action of the merca.ptan-protein. This being the case, one would expect that the phases of the Leutcocytozoon syphilidis would be quickly vanquished, and that the syim-ptomns of the disease would rapidly disappear. Once again this is exactly what happens clinically.
If metallic compounds be first administered in early syphilis the spirochatv are killed at once and the symptoms improve. If intramiiine be now injected some of the other phases are killed immediately and the symptomns vanish at a very much quicker rate than they otherwise wvould have done. I need only cite one case to show the truth of this: Case I.-A patient had a typical Hunterian chancre in the corona; tlhere was a moderate loss of surface, and the sore was markedly indurated. I gave an intravenous injection of galyl (40 cgrm.), and three days later an intramuscular injection of intramine (3 grm.). There was practically *no change in the chancre when the intramine was given, but a few days later not only had the sore completely healed, but the induration lhad entirely vanished.
I have seen severe papular syphilides, scarcely influenced by galyl alone, as the following case shows, disappear in a few days when intramine was injected Case II.-The patient had a primary sore in the corona, hiard infiltrative aedema of the whole of the penis, and a generalized papular syphilitic eruptioni. No improvement followed three intravenous injections of galyl; instead, more papules appeared. WVithin ten days after one injection of intramine every lesion had vanished.
In the recurrent and late stages of syphilis, the exact opposite to what has just been said would be expected, since in these stages the reducing action of the resisting substance is more powerful than the oxidizing action. One case will suffice to prove this:
Case III.-A patient had a gumma which encircled the corona and spread on the under surface of the penis on to the scrotum. In less than one week after receiving only one intramuscular injection of intramine (2 grm.) the ulceration had completely healed. If this case had been treated with salvarsan alone it would have taken about three weeks for the sores to have healed up, and during this time it would have been necessary to have given two or three intravenous injections.
I have treated with immediate success by intramine late syphilitic lesions which had remained practically uninfluenced by salvarsan, with mercury and iodides subsequently. I must cite a case which bears this out to the letter: Case IV. A man, aged 70, had syphilitic glossitis for twenty-five years. Eighteen months before he was given intramine he had two intravenous irjections of salvarsan, and these were followed by three courses of mercury and iodides, with practically no improvement in the clinical condition. When an intramuscular injection of intramine was prescribed (2 grm.) the tongue exhibited the following features: There was an ulcer in the centre about the size of a sixpence, with a lateral fissure running from it on both sides. Just posterior to the ulcer a hard wart was situated. The movements of the tongue were impeded and very painful. In a few weeks after the injection, the ulcer lhad completely healed, the fissures and wart had vanished, the natural movements of the tongue and its suppleness had returned, and, in the words of the patient, " my tongue has never been so well as long as I can remember."
Iodine.
-While on the subject of reducing agents, I might as well explain how iodine acts. Iodine has a more marked therapeutic action in late than in early cases of syphilis for the same reason that intramine has. Like intramine, iodine adsorbs hydrogen and hydroxyl ions to forn peroxide for the oxidase system, as in the following equation:
The preparation of organic compounds of iodine, possessing a therapeutic action at all akin to intramine, is impossible, owing to the fact that iodine is a monovalent element. Iodine increases the action of intramine, presumably because it is readily adsorbed by a mercaptan group, thus checking the deleterious action of this group. The following formula shows the interaction: Therefore, when prescribing intramine, I usually order iodine beforehand. To obtain the maximum effect with iodine, it is best to give intravenous injections of colloidal iodine. Colloidal iodine can also be injected intramuscularly, and it can even be taken internally. Colloidal iodine has none of the disadvantages of the potassium salt, it is not depressing, and patients do not show an idiosyncrasy towards it. Almost any quantity can be injected intravenously and as often as is considered necessary. I usually inject 100 c.c. to 200 c.c. of collosol iodine, which contains 1 in 500 of Crookes's colloidal iodine. METALLIC COMPOUNDS.
IRon.
As iron seemed to me to be the natural peroxidase, and having obtained such good results with intramine, a drug which increases the rnatural perhydridase, I anticipated good results from the use of an organic iron compound, and my anticipations have fortunately in part been realized. The iron bodies prepared were the para-amino-dihydroxy-ferric:benzene sulphonate, the di-para-amino-hydroxy-ferricbenzene sulphonate, and the tri-para-amino-ferric-benzene sulphonate, the formulae of which are as follow: Of the three compounds just mentioned, the tri-para body appears to be the naost suitable. It is a crystalline body, soluble in water, to which it imparts a deep orange colour. Ferrivine, as this comnpound is commercially called, is non-toxic and it is supplied as a 1 per cent. solution-i.e., 100 c.c., or 3 5 oz., contains 1 grm. of the salt. The solution is stable, it does not oxidize in the air, and if desired it can be diluted with distilled water. The dose suggested may be repeated without risk at frequent intervals. The dose I usually enmploy is 1 grin., but I have injected 2 grm. or 3 grm. The only disadvantage which I have so far experienced with big doses of ferrivine is that the patient sometimes feels faint after the injection. Recovery sets in in a few minutes, when the patient can do as he likes. Occasionally typical shock or collapse immediately follows the injection, due to a tenmporary upset of the normal hydrogen ion concentration of the serum. It would be as well now to give a sketch of the clinical value of these new drugs, and to state how they should be used with the already known remedies in the treatment of syphilis.
Ferrivine acts like salvarsan, and, owing to its non-toxicity, larger doses can be given, whicn may be repeated at shorter intervals, even daily. Generally speaking, the symptoms of primary and generalized syphilis disappear within four days after the second or third intravenous injection. Induration in chancres and those dense, infiltrated, brownish papules are not so resistant to ferrivine as they are to salvarsan; and if intramine be prescribed after the second or third injection, the hardest induration and the most resistant papule will vanish within a fortnight. Owing to the iron not being in a sufficiently adsorbed condition, its therapeutic action is not regular. Experiments are in hand to prepare a more strongly adsorbed iron compound.
In the recurrent and late stages of syphilis, intramine should always be prescribed first, when the symptoms vanish in a few days. In cases of cerebrospinal meningitis the pains disappear within twenty-four hours; in degenerative myelitis the subjective symptoms are often improved, and I have also seen considerable benefit follow intramine in cases of degenerative encephalitis.
VWhile correcting these proofs I ain able to say that the disadvantage has been entirely overcome.
I will describe a case of degenerative encephalitis treated with intramine, as it shows so well what can be done by co-mbining reducing and oxidizing remedies:-Case V.-The patient was suffering from the depressive type of degenerative encephalitis; he showed no change of facial expression; would not speak; he had no control over his sphincters; and was at times violent. I prescribed two intramuscular injections of intramine with the most extraordinary improvement-the facial expression returned within a few days and the patient entered into conversation. Hoping that the condition might be still further improved, a third injection was given, with the result that the patient became worse than he had ever been. I had suggested that after the second injection of intramine a metallic compound should be administered, but as the medical man in attendance wished to see what intramine alone would do it was not prescribed. Seeing that the patient had become worse after the third injection, which was what I expected, I hazarded the opinion that if a metallic compound were given now Ihis improvement would be sudden and greater than on the first occasion. An intravenous injection of galyl was administered, with the result that in forty-eiglht hours' time the patient became a rational individual.
For how long the improvement is going to be maintained I cannot say, but this case is especially interesting to me as a proof of my theory of oxidation and reduction. More than two months have elapsed since the patient had his last inj'ection, and a steady improvement has been maintained. Tle patient has now returned to his business. Before he came under treatment he could not write.
I have had two other cases in which as marked an imnprovement has been obtained. With salvarsan I have seldom seen a case of degenerative encephalitis improve, and I have seen many get worse.
Just as the maximum therapeutic action is obtained in early syphilis if intramine follows the administration of a metallic compound, so is it the case if in late syphilis one or other of the metallic compounds follow intramine. I have treated some cases of cerebrospinal meningitis first with an intramuscular injection of intramine, then with two intravenous injections of a metallic comupound, and, finally, with mercury and iodides, with the very greatest success; so much so that I think such patients are better advised to have the treatment just outlined in preference to intraspinal injections of salvarsanized serum. Owing to the non-toxicity of intramine and ferrivine, serum withdrawn after their administration and injected intraspinally has a most beneficial influence upon central nervous lesions, superior to that of saivarsanized serum, and, moreover, no toxic symptoms occur, as are too often witnessed when galyl and the other arsenical substitutes are used.
The following case is one in point:-Case VI. A man, aged 34, came to me complaining of double vision. He had contracted syphilis five years previously, and had been treated thoroughly with mercurial inunctions and injections before the symptoms of the generalization stage manifested themselves. The patient also had nine intravenous injections of salvarsan at various periods, but had never had another symptom of syphilis. On examination, I found that there was a unilateral partial third nerve paralysis, the pupils were unequal, and the reflexes were sluggish. The patient had no knee-jerks, and there were areas of diminished tactile sensation. I elicited from the patient that he had lost muclh weight and that all sexual desire had vanished in the last few months. I gave him three intramuscular injections of intramine, alternating them with three intravenous injections of aluvine. After each injection I gave an intraspinal injection of the prepared serum. The cerebrospinal fluid when first examined exhibited the typical features of degenerative myelitis; after the fifth injection it was practically normal, and by this time all the objective and subjective symptoms had vanished.
The double vision disappeared after the first injection of intramine, showing clearly that the cranial nerve lesions in degenerative myelitis must be of meningeal origin, commencing in tlle meninges covering the nuclei in the base of the brain.
I have recently had a case of degenerative imiyelitis, the chief symptom being that the patient could not walk without the aid of a stick. After one intramuscular injection of intranmine and two intravenous injections of ferrivine, the gait so inmproved that the patient was able to walk without a stick.
Interstitial keratitis, a lesion uninfluenced by salvarsan, has cleared up in some cases in a most marvellous way with intramine. In those not immediately improved mercury has acted beneficially afterwards.
In outlining the treatment I now adopt in the various stages of syphilis, there are two very important questions which arise, the correct answers to which it is necessary to find, in order that we may treat our patients in the best way possible:-
(1) Assuming that in the doses given the oxidizing effect of salvarsan and ferrivine is equal, is that effect going to be enhanced by giving an injection of each, or is the effect going, to be the same if three injections of either one are prescribed ? Theoretically, I should doubt whether any difference in effect would be produced, but whether this is the case practically, remains to be seen-a point by no means easy to deternmlne.
(2) If we fail in curing a case of syphilis at once, are we right in continuing treatment after the disappearance of the symptomlls, or might it not be better for the patient to be treated only symiptomatically ?
The syphilitic parasites are attacked first and foremost by the resisting substance-i.e., the lipoid-globulin molecules in the serum.
The resisting substance has an oxidizing and reducing action, actions which we increase by salvarsan and ferrivine, on the one hand, and by intramine and iodine on the other. An increase in size of the lipoid-globulin molecules, produced by the administration of the synthetic remedies just mentioned, results in a breaking down of the molecules, ultimately with a diminution in the amount of the resisting substance. Therefore, the continued administration of powerful oxidizing and reducing remedies might possibly be expected to result in so little of the compound being adsorbed that their oxidizing and reducing actions would be reduced perhaps to nit. Seeing that both oxidation and reduction are catalytic reactions, it might be possible theoretically that only the minutest traces of the m-etallic hydroxide and the disulphide are necessary to continue the good work. Since mercury acts mechanically and probably not as a peroxidase at all, and considering that its action is entirely dependent upon the size and adsorptive capacity of the lipoid-globulin molecules, it nmight be assumued theoretically again that the administration of mercury, once the properties of the resisting substance have been reduced, would be entirely superfluous.
F ver since the advent of salvarsan, I have been struck by the large increase of cases of meningeal syphilis, and the very frequent occurrence of lesions, in spite of the fact that the patient was well under the influence of mercury. I have also seen many cases in the latent stage precipitated into a condition of degenerative myelitis and degenerative encephalitis by the administration of our powerful remedies. So far as dealing with patients in the latent stage is concerned, I have for some time made up my mind never to prescribe treatimient if after a thorough clinical examination I found no synmptom. I have also long since made up my mind to treat symptomatically only those patients who have once entered the recurrent stage; but as to how a case in the generalization stage should be best treated, a little further discussion is necessary.
To mnake the subject clear, I will picture the body as consisting of two parts: (1) the systemic part; (2) the nervous. The nervous part is largely dependent upon the systemic part for its resisting substance.
If the r;esisting substance in the systemic part has been reduced by treatment, spores which are resistant to treatment may possibly be prevented from developing if small doses of the remedies are continually being prescribed. The rule is far from being invariable. Against this, one miiust consider the frequency of recurrences when mercury and iodides are not prescribed after a course of several injections of salvarsan, and how the protective action of mercury and iodides comipares with that of the resisting substance when working alone.
Systemic recurrences are far more common when salvarsan is not followed by miiercury and iodides, but the frequency of the same and as to when they appear depend upon the number of injections given. If three or less injections of salvarsan aJre given, the recurrences are more frequent than when six or more injections are given in one course of treatment, but they appear much later. Usually, twelve or eighteen months have elapsed before they make their appearance, while, after a course of several injections, a recurrence may appear in two or three months. Unless the individual has the opportunity of observring many cases, this somewhat paradoxical result may easily lead to false conclusions being made.
The explanation of this disparity as to the titne at which the recurrences appear is as follows: When three injections of salvarsan are prescribed, the resisting substance is scarcely reduced, with the result that it continues exerting its power until the parasites ultimately get the upper hand, which is hardly ever under twelve months. When several injections have been administered, the resisting substance is so reduced that the spores which have not been killed by the treatment will be able to develop on a soil which is the same to them as a nev, soil; consequently, symptoms will appear after the usual incubation period; therefore, two or three months later. The early syphilitic lesions are far less dangerous, and cause much less local damage, than late syphilitic lesions; hence the systemic recurrences, after a course of several injections, are preferable to those which occur when only three injections have been made, since the former produce fewer degenerative changes, especially in the vessels, which in most lesions are primarily attacked. Therefore, a course of several injections produces better results than a course of a few injections, and since the recurrences after both are fewer in number when the injections are followed by mercury and iodides, these two drugs should not be omitted in the treatmiient of syphilis.
As mercury and iodides can have such an infinitesimal action when the resisting substance is reduced, might it not be better for the patient after a course of several injections to wait eight to twelve weeks before taking mercury? Eight to twelve weeks is about the time the resist-ing substance takes to get back to its normal state. Now mercury and iodides have nothing like the influence in altering the state of the resisting substance that the strongly adsorbed compounds possess, and since both may have some power in preventing the spore from developing, it would seem wiser not to allow any interval to elapse between stopping the synthetic metallic compounds and commencing the mercury.
A question which is impossible to answer is how long the mercurial treatment should be maintained. A correct answer could only be given if we knew that a spore would not develop if it had been dormant for a certain number of years. A spore may remain dormant for fifty years, and then redevelop and cause symptoms. Therefore a definite answer will never be forthcoming. Furthermore, we do not know what influtence treatmlent has upon dormant spores, nor do we know whether treatment postpones their recrudescence. In this uncertainty, it is best to let our clinical experience guide us, and to give one year's treatment when the case of syphilis is in the primary stage, and two years' treatmilent in the generalization stage.
Owing to the fact that the nervous part is dependent for its protective substance upon the systemic part, it will be readily understood that if the organisms have reaclhed the nervous part before treatment has commenced, they will be able to develop therein the more readily the quicker the resisting substance in the systemic part has been reduced, providecd at the same tinme the organisms in the nervous part are not . anquished by the treatment. It will follow, therefore, that the incidence of cerebrospinal meningitis will be greater when many injections of salvarsan have been prescribed than when a few, since it is difficult in every case to make injections sufficient to kill the organisms in the nervous part. Cerebrospinal meningitis is a curable condition, and, mrioreover, its occurrence practically precludes the patient from getting a degenerative lesion later. Now let us consider what happens to the nervous part if only a few injections of salvarsan are administered. The resisting substance is not strong enough to kill the parasites, but strong enough to prevent them developing sufficiently to produce symptoms. In this state, the spores can and do migrate into nerve tissue proper, where they meet with still less resistance, with the result that now any symptoms which appear will be degenerative in character, and, therefore, more or less incurable.
Once again we see that a course of several injections is preferable to a course of only a few.
McDonagll: T'he Rationale and Practice of Chemotherapy
The onset of nervous lesions is naturally dependent upon the numnber of organislmis that reach the meninges before treatment is begun. Cerebrospinal meningitis is much more common in patients who have severe generalized symptoms than in those in whoin the so-called " secondaries " are slight. For all practical purposes, it may be said that a ratio exists between the severity of the early cutaneous eruptions and the occurrence of early cerebrospinal meningitis. As the symptoms of cerebrospinal meningitis almost invariably occur between eight and twelve weeks after the'last injection of salvarsan, it is wise to give every patient in the generalization stage an extra course of powerful treatimient round about this tinme.
What effect the introduction of intramine is going to have upon the points just raised I am not in a position yet to say, but one thing is clear-nanmely, that the admninistration of intramine reduces the number of the long course of the metallic compounds by about half, and increases the result produced.
In the primary stage I prescribe first of all collosol iodine and inject intravenously a large dose of a metallic compound, which I repeat one or two days later. Three days after the second injection I give an intramuscular injection of intramine (1 grnu. to 2 grm.), and between the fourth and-seventh day after, I inject intravenously another maximum dose of a maetallic compound, and continue mercury, intramine and iodides for one year, as follows:
(1) Eight fortnightly intramuscular injections of grey oil, 2 gyr. to 3 gr. of mercury.
(2) Eight fortnightly intramuscular injections of intramine, 1 c.c. to 3 c.c.; mercury and intramine alternately. By injecting imercury and intramine alternately, the former is prevented from producing salivation, tender gums, and local accumulations in the muscles.
(3) One mllonth in every three, collosol iodine should be prescribed. The first month of iodine should be commenced after four doses each of mercury and intramine have been injected.
(4) One month's rest should follow every eight injections each of mercury and intramine.
In the generalization stage, I prescribe collosol iodine at once, and two or three intravenous injections of a metallic conmpound both before and after one or two intramuscular injections of intram ine, allowing tvwo days to intervene between each intravenous injection. I then give four courses of the mixed mercury, intramine and iodine treatmnent, and, two months after the last intravenous injection, I inject intravenously a maximum dose of a metallic compound before and after a large intramuscular injection of intramine. In all recurrent and late cases, I give first of all one or two intramuscular injections of intramine, then one or two intravenous injections of a metallic compound, and follow up the same with one course of the mixed treatment. This treatment will also do for cases of nondegenerative meningo-encephalitis and myelitis. In cases of degenerative encephalitis and myelitis, in which more drastic treatment might be expected to give more satisfactory results, I make the following:-
(1) An intramuscular injection of intramine.
(2) Four days later, an intraspinal injection of prepared serum which has been drawn off on the third day.
(3) Three or four days later, an intravenous injection of a metallic compound. The metallic compound should not be galyl, kharsivan', neo-kharsivan, or any of the other French substitution products for salvarsan, as they are too toxic.
(4) Three days later, an intraspinal injection of prepared serum, which 'has been collected the day before.
The injections of the non-metallic and metallic compounds should be continued alternately, until the cerebrospinal fluid is normal or closely approaching the normal.
Women who are pregnant should be treated as first described under the heading of the generalization stage, and two courses of the mixed treatment should be given without any pause between. Extra injections at the second month are unnecessary.
Congenital syphilitics should have the mixed treatment for two years, with the exception that the mercury should be administered per os and continuously. All recurrent symptoms should be treated symptomatically and intravenous injections prescribed if practicable, as suggested' in recurrent and late cases of acquired syphilis.
Although I have not yet used ferrivine on quite such a large scale as intramine, I have made sufficient injections to state the fact that the need for the use of a toxic metal like arsenic will, it is to be hoped, soon no longer remnain. Ferrivine is in some cases superior to salvarsan: I had under treatment a man with three chancres on the penis; ferrivine was injected on a Tuesday, and by the following Saturday the sores had healed; in other cases it is certainly inferior. The drug is non-toxic, consequently, bigger doses may be given, and they may be repeated at shorter intervals. Ferrivine can be improved upon, and I am now undertaking 132 feiDonagh: The Rationale and Practice of Chemotherapy experimiients with that end in view. I a.m confident that in time an iron compound will be prepared which will be in every way superior to salvarsan.
So far as the oxidizing agents are concerned, there is nothing further to be said, but as regards the reducing agent, intramine, I must say a few m-lore words, as its introduction into our therapeutic armanlentarium is going to have not only a very marked effect in combating protozoal diseases, but also all chronic infections.
No drug so far known has had much effect upon lupus. Dr.
Adamison has treated five cases with intramine with the most striking resuLlts, even after only one injection. All ulcerative areas heal up in a few days, and the large granulomatous masses become flush with the surrounding surface. As to whether intramine only temporarily benefits lupus or cures it, the future will show. Chronic ulcers of the leg, which have been treated for years without improvement, immediately begin to mend when intramine is injected. Intramine is useful in chronic gonorrhoea, and it possesses very strong antiseptic properties. It is just possible that intramine may have a place in the treatment of malignant disease, and it is practically certain that in leprosy it will prove invaluable. Before closing, I must refer to one or two other points which are not only of practical interest but which also strongly support mny oxidation-reduction theory. Chilblains probably arise owing to insufficient oxygenation of the tissues in the extremities. If this be true, metallic compounds applied locally to the particles should relieve the condition. The metallic compounds must be in the colloidal form, because with friction and the Brownian movement of the particles it is possible to get some of the particles into the tissues. If colloidal silver (collosol argentumi) be rubbed into the chilblains, one application is sufficient to get rid of them. I have treated two bad cases in this way with marked success.
Colloidal silver in the form of suppositories has also a beneficial action on piles, because the Brownian movement of the silver particles still continues, even in the depth of the gelatine with which the suppositories are made.
If fresh or acute ulcers are examined microscopically and stained with pyronin and methyl green; it will be noticed that nuclei predominate, and that the whole section looks as if it has only taken the methyl green. Methyl green is avid for active oxygen; hence it is clear that the cells in acute ulcers are rich in active oxygen. Applications of colloidal metallic compounds to such ulcers greatly accelerate their healing. If chronic ulcers are treated in the same way, the avidity of the cells for pyronin is as marked as was the avidity for methyl green in the previous case. Pyronin stains reducing foci, as it exhibits a strong affinity for the peroxide. Applications of colloidal non-metallic compounds cause such ulcers to heal immediately. One application of intramine to a chronic soft sore which had persisted for two months healed it in forty-eight hours.
I have treated other chronic ulcers with intramine with the most extraordinary results. The action of intramine is much more rapid than that of scarlet red, and I should imagine it will prove of much greater value than the Simpson light. Another great advantage possessed by intramine when applied locally is that it causes a great accumulation of lymph around the area affected. Owing to its lymphagogue action, intramine might possibly prove useful in the treatment of old bullet and shrapnel wounds.
CONCLUSION.
The theory that diseases are combated by drugs which sinply increase the amount of oxygen directly or indirectly is, I think, fully proved, with the result that treatment is now put upon a logical basis and empiricism is removed. The paths opened up for future research are infinite, the treading of which must always lead to some substantial progress being made, and not to a further penetration into darkness, the direction taken by so much of the research work done in medicine in recent years.
The theory of oxidation and reduction has not only explained directly the mrodus operandi of chemotherapy, but also indirectly that of immunity, with the result that the rationale of dyeing and staining, of the immunity reactions, and of anaphylaxis is rendered clear. We should now be able to discard the hundreds of coined words which have never served a useful purpose, and to replace irrational by rational tests. Further details of the subjects referred to will be found in my DISCUSSION. The PRESIDENT: I express the thanks of the meeting to Mr. McDonagh for his paper upon a subject which is of the greatest importance, and is especially so at this time. I regard the detailed description of the investigations made, with illustrative cases, as evidence of the author's desire that the whole subject should be fully discussed by those present who are competent to do so in order that the most efficient treatment of syphilis, and possibly other constitutional diseases, may be secured.
Professor WV. M. BAYLISS, F.R.S.: This paper is one that contains much important and suggestive matter, but is very difficult to criticize. I find in the physico-chemical hypothesis much that conveys no very definite meaning to me, while the statements appear to be contrary to the knowledge which we possess. To begin with, I think it unfortunate that the phenomena of oxidation and reduction should happen to formi the basis of the main thesis. Although these phenomena are undoubtedly of the greatest imnportance, their mechanism in the living cell is, as yet, one of the most obscure in the wlhole of physiology.
There are, indeed, enzymes which result in the productioh of active oxygen and active hydrogen respectively, but we do not yet know precisely what these agents are. Again, while, of course, any oxidation of one substance is accompanied by the reduction of another, the same substance cannot be oxidized and reduced at the same time, as seems to be implied in the author's conception of a lipoid globulin as an oxidase-reducase system. But I admit that I have possibly misunderstood the statement. There is no evidence, so far as. I am aware, that oxygen has any necessary connexion with adsorption, wlhich is purely a result of molecular forces at boundary surfaces. The possibility of a lipoid globulin must be admitted, but I fail to find any experimental evidence brought forward to show that it plays any part in the phenomena of chemotherapy. The phrase" permeability of molecules" conveys no meaning to me. Vhen a membrane is permeable to a particular substance, this substance is not supposed to pass through the molecules of the membrane, but between them. Again, I fail to grasp how the valency of an element can play the part assigned to it. The peculiarity of an organo-metallic compound is that it is not electrolytically dissociated. Hence electrically charged ions are not concerned in its activity. It seems rather more probable that the properties of the metal itself are required, and that the function of the organic part of the molecule is to bring it into close relation with some constituent of the cell, but not necessarily by means of special receptive molecular groupings. Why arsenic should have so powerful a toxic action is almost as impossible to say at present as why its chemical properties differ from those of lead or zinc. I should like to say in conclusion that any doubts expressed as to the validity of the theoretical basis of the author's treatment of syphilis do not necessarily detract from its possible practical value, the importance of which requires the most careful testing.
Dr. C. H. BROWNINGC: I desire to associate myself with the views expressed by Professor Bayliss in regard to the highly speculative discussions in Mr. McDonagh's communication. Professor Bayliss is universally recognized as one of the leading authorities on the chemistry of those processes which Mr. McDonagh invokes in order to form a basis for his chemotherapy; accordingly one must attach the greatest weight to Professor Bayliss's expression of opinion on the theories advanced by the author of to-night's communication. However useful such lines of thought may have been to Mr. McDonagh himself, I doubt whether, in their present phase and without rigid experimental proof, they will contribute materially to the understanding of the subject by others. These considerations, however, do not detract from the therapeutic results, which are of outstanding interest. To be able to clear up, with certainty and rapidity, the lesion of interstitial keratitis in congenital syphilis is an achievement of the first magnitude. It is highly interesting that Mr. McDonagh should have attained this success with an organic sulphur compound which has been known for a very long time-upwards of thirty years. As regards the question of the relationship of chemical constitution to therapeutic action, it is a striking confirmation, to my mind, of the general soundness of Ehrlich s work that this sulphur compound which, in its molecular configuration, bears so close a resemblance to salvarsan, with sulphur substituted for arsenic atoms, should likewise exert a marked action on syphilis. With regard to Mr. McDonagh's opening remarks on the rationale of chemotherapy, I desire to draw attention to a grave misapprehension which might arise in the mind of readers. Ehrlich, to whom all subsequent workers in this domain must remain for ever indebted, did not, to begin with, devote his attention exclusively, or even principally, to the investigation of arsenical compounds. The curative action of the non-arsenical, sulphur-containing dye, methylene blue, in malaria was his first observation, and the discovery of trypan-red, also a non-arsenical substance, marked the commencement of the systematic investigation into synthetic antiparasitic drugs. It was only after the therapeutic action of the organic arsenical compound, atoxyl, had been demonstrated by Thomas and Breinl, of the Liverpool School of Tropical Medicine, that Ehrlich concentrated his attention on the investigation of this group of arsenical derivatives. Salvarsan was the logical outcome, but the logic was that of genius. That salvarsan does not by any means mark the culminating point of this work is proved, inter alia, by to-day's communication. That arsenical compounds did not, even for Ehrlich, constitute the acme of chemotherapy is shown by the potent non-arsenical, acridin derivative "trypaflavin," which was synthetized under his guidance, and also by one of his latest discoveries, the complex copper-salvarsan compound, the work on which was interrupted by his death. His experiments showed this compound to be many times more active than salvarsan itself in trypanosome infections. Dr so-called phases of the " leucocytozoon " of syphilis consists mainly of lipoid globulin " molecules " ? How has he demonstrated these " molecules," even in the definitely established spirochete, and still more so in the highly problematic spore stages " of the leucocytozoon ? I would draw attention to the fact that the lipoids only form loose combinations with proteins, and therefore only loose clhemical compounds and not molecules result from their combination.
On what evidence does Mr. McDonagh conclude that the lipoid globulin imiolecules in syphilitic infection are larger, more nuimierous, and have a greater absorptive capacity than normal "lipoid globulin molecules ">? There is no evidence that lipoids play any essential part in the production of antibodies. Specificity cannot he explained by homologous stereochemnical molecular configuration of the lipoid globulins, since, experimentally, an antigen may be completely deprived of its lipoid constituents and the resulting antibody production be in every way the same as if the native antigen had been used, and, vice versa, an antibody, by careful treatment, can be deprived of its lipoids without its properties being affected by such treatment. Mr. McDonagh also states that the reducing action of the spirochatal lipoid globulin is greater than that of the lipoid globulin of the host, owing to the presence in the foriller of a non-completely saturated fatty acid. How has he arrived at this conclusion, and has he compared the saturation of the fatty acids of the lipoids of the spirochate with those of the host, which are known to have a hiigl iodine number ?
Mr. JOHN WARD : A very great point in favour of Mr. McDonaglh's synthetic compounds is his selection of those containing iron and sulphur.
In 1911 the late Mr. Henry Crookes exhibited a number of photographs befoce the Royal Society showing the action of various metals and non-metals on b)acteria. By these photographs it was shown that arsenic was the most powerful bactericide of all the elements, with the possible exception of antimony. It follows that arsenic is also the most powerfully organotropic of the elements. With regarcd to the action of salvarsan, galyl, intraiiine, &c., whether the parasites are killed by adsorption of the particular compound or not, it is certain that the element employed is eventually deposited in the tissues, probably in the colloidal condition. Ullmann showed by X-rays that after the injection of salvarsan intramuscularly arsenic persisted in the tissues from a few weeks to many months, and even when injected intravenously it took a long time to eliminate. Is it not p)robable that the increase in cases of degenerative encephalitis and myelitis may be due to the catalytic action of arsenic in the nerve tissue ? It will be seen' from the photograph shown that iron is practically non-bactericidal, and tlherefore probably non-organotropic. Sulphur, far from being bactericidal, exerts a stimulating influence, and therefore may reasonably exert a stimulating influence on the organic cells and tissues. Indeed, it is well known that the arteries and veins contain nearly 1 per cent. of sulphur. With regard to the point raised of oxygen being necessary for adsorption, it is certain that the cells must be in a healtlhy condition!for this to take place, and for this oxygen is, of course, necessary.
Comparison should not be made with a rigid structuire like charcoal, the specific surface of which cannot vary. Mr. McDonagh's theory of oxidation and reduction seems to offer an explanation of many phenomena which have hitherto seemed enigmas. It is quite reasonable to suppose that the chemical bodies contained in the body of the spirochete vary in constitution-compare the constitution and amount of alkaloid contained in plants at various times of the year and it is very highly probable that a different chemical reaction should be necessary for their death. The ultimate end of either a reducing or oxidizing agent is of course oxygen, and before closing I should like to mention the effect of colloidal iodine in recovery from alcoholism. The alcohol probably forms a film over the cell tissues, causing considerable atrophy with consequent depression. The iodine combines with the alcohol to form ethyl iodide and oxygen, thus restoring the cell to its normal condition. The action of iodine in rheumatism is probably similarly explained.
Sir MALCOLM MORRIS: I am of the opinion that it must be definitely decided as soon as possible whether the drugs referred to possess. advantages which render their general use necessary or not. This is not the moment when there should be a difference of opinion in the profession as to the best drugs to be employed for combating a disease which is rapidly increasing.
Lieut.-Colonel L. W. HARRISON, R.A.M.C.: Since most of my remarks will relate to the clinical side of the question, to be discussed at an adjourned meeting, they had better be deferred till then. What I intended to say on the chemical and biological section of the paper has already been said much better by other, more competent, speakers. I shall therefore on this occasion only touch on one point. Mr. McDonagh puts it mildly when be states that the pain from an injection of intramine renders the patient hors de combat for two or three days. I have had an opportunity of seeing some patients in my hospital who have received injections of intramine, and the pain was described as horrible. I can liken it only to that which follows an intramuscular injection of " 606." As to the induration disappearing, this is far from being the case in these patients, who still, three to four weeks after the injection, have very marked induration at its site. Whether intramine is of any use or not I cannot say, but I am quite certain that its effects will have to be rendered much less painful before I can recommend its general use in the Army.
Captain C. H. MILLS: In support of Colonel Harrison's remarks concerning the local reaction following upon the intra-muscular injection of intramine, I cannot do better than describe a case in which, only this morning, I opened an abscess resulting from the administration of this drug four weeks ago.
The pain during the week following the injection was very severe, the patient, who was confined to bed, was unable to lie upon the side on which the injection had been made. Definite necrosis of muscle-fibres had ensued-a well-defined cavity resulting-from which a yellow "mucoid" fluid was evacuated. There was no evidence of sepsis. A tag of -partially necrosed fascia protruded from the incision. In three other cases in which treatment with intramine was commenced at the same time as the case just described, absorption of the drug is not yet complete, as can be evidenced on palpating the site of injection. In each case two injections of 1 grm. were administered at an interval of a week. In every instance a definite " gap" can be felt in the body of the muscle where necrosis has ensued. I cannot attribute such unsatisfactory absorption in each of the eight injections to any error of technique. Each injection was made slowly and strictly intramuscularly, tension being avoided. Massage was employed for the three succeeding days. The pain following injection was comparable with that produced in the early days by the old intramuscular injection of salvarsan.
Mr. McDONAGH (in reply): None of the views expressed either disproves my theories or upholds those of Ehrlich. I am surprised that, in view of the scientific knowledge possessed by the various speakers, so much of it has been used for destructive criticism and none for constructive purposes, and it is particularly to be observed that any reference to the questions asked at the beginning of the paper has been avoided-proof that the general opinion of Ehrlich's theories is that they are illogical. It is impossible to supply in a few minutes the various proofs asked for, especially by Professor Bayliss, as to do so would entail a recapitulation of the research work done during the last four years. Moreover, many of the doubts raised would not have found expression had that research work been studied. The main object of the paper has been to show that arsenic, a toxic metal, is not esseptial, and that its place can be taken by iron and sulphur. Ferrivine and intramine were not discovered empirically, but as the result of an ordered sequence of enperiments which showed not only that the action of iron and sulphur is mutually complementary, but also that their introduction into the body simulates and accelerates processes which are normally taking place. The clinical cases reported show that the drugs mentioned possess a powerful therapeutic action, but that, being new, there attach to them disadvantages which, in time, can be easily overcome. It is doubtful whether those who decry the value of intramine owing to the pain it causes are familiar with its use. Even in the worst cases the pain cannot be compared with that produced by salvarsan when it first came in. I have administered over 200 injections of intramine without any ill-effects, and have obtained results which, in my opinion, prove that it should be used in every case of syphilis.
[The Discussion of Mr. McDonagh's paper from the clinical standpoint was postponed to June 1.]
